The movement of vesicles from the neuronal cell body to specific destinations requires molecular motors. The squid giant axon represents a powerful model for studies of the axonal transport mechanism because the axoplasm can readily be separated from the sheath by simple extrusion. In a previous study, vesicular movements in the axoplasm of the squid giant axon were inhibited by the kinesin antibody. In the present study, we cloned and sequenced the cDNAs for squid brain KIFs. Amplification of the conserved nucleotide sequences of the motor domain by polymerase chain reaction (PCR) using first-strand cDNAs of the squid optic lobe identified six new KIF proteins. Motif analysis of the motor domains revealed that the squid KIFs are homologous to the consensus sequences of the mouse KIFs. The phylogenetic tree generated by using the maximum parsimony (MP) method, the neighbor-joining (NJ) method, the minimum evolution (ME) method, and the maximum likelihood (ML) method showed that squid KIFs are closest to mouse KIFs. These data prove the phylogenetic relationships between squid KIFs and mouse ones.
Introduction
After protein synthesis, proteins are transported to specific destinations within the neuron as membranous organelle or vesicle [4] . The movement of organelle and vesicle from cell body to specific destinations requires molecular motor proteins. Kinesin is a molecular motor protein that generates ATP-dependent movements along microtubules of organelle and vesicle [5] .
The squid giant axon provides a very simple preparation for the collection of bulk quantities of transport vesicles, and this greatly facilitates intracellular transport study of the vesicles. Thus, the squid KIFs are excellent candidates for modeling neuronal vesicle transport. The first kinesin (Kinesin-1) was identified in a biochemical fraction of squid giant axon and mammalian nervous tissue for proteins that generate microtubule-based motility in vitro [13, 14] .
Kinesin-1 is a heterotetramer composed of two kinesin heavy chains (KHC) and two kinesin light chain (KLC). The KHC (KIF5A, KIF5B, and KIF5C) contains an amino (N)-terminal motor domain, a long coiled-coil stalk interrupted by a central hinge, and a globular tail domain [5, 9] . Kinesin-2 (KIF3A, and KIF3B) was first identified biochemically in sea urchin eggs and found to contain two distinct motor-containing polypeptide chains that come together to form a heterodimer [5] . Bound to this motor tail domain is tightly associated subunit (KAP3) with an armadillo repeat domain that is known to mediate protein-protein interactions. Another Kinesin-2 gene (KIF17), which current evidence indicates encodes a protein that forms homodimers [4] . Kinesin-3 (KIF1A, KIF1B, and KIF1C) motor was discovered in a mutant screen in C. elegans, where null mutations cause paralysis due to a failure to transport synaptic vesicles to the presynaptic terminals of motor neurons [3] . Kinesin-3 is predominantly monomeric, in contrast to other kinesins, which are dimeric or tetrameric [4] . Kinesin-4 (KIF4, KIF21A, and KIF21B) has been implicated in chromosome segregation during the mitotic phase. In the mitotic stage, Kinesin-4 was localized to mitotic spindles [1] . Kinesin-14 (KIFC1, KIFC2, and KIFC3) forms a homodimer without associated polypeptides. Kinesin-14 has a motor domain in the COOH-terminal region. This family members exhibit a microtubule minus end-directed motility [5] .
Molecular biological approaches were instrumental in identifying members of KIFs [1, 8, 9] . The amino acid motifs in the N-terminal motor domain of KIFs, such as IFAYGQT, DLAGSE, and SSRSH, are highly conserved among species [1] . Fragments flanked by these sequences can therefore be amplified by PCR using degenerate oligonucleotide primers. This strategy identified many KIFs in various organisms, such as Drosophila, mouse, Xenopus, yeast, and rat [7, 8] .
Although KIFs have been cloned from several organisms, only two genes have been identified within squid [7] . To improve the understanding of the role KIFs in the giant axon of the squid, based on PCR approach using degenerate oligonucleotide primers, six new members of KIF were identified in the squid. In this report the partial amino acid sequences of these new KIFs are presented with the classification based on molecular evolutionary analysis. 
Materials and Methods

Animal
PCRs to identify new KIFs
The primers were designed according to the conserved amino acid sequences IFAYGQT and DLAGSE in the motor domain of mouse KIFs. The oligonucleotide primers used in this study are listed in Table 1 . For all PCRs, AmpliTaq DNA polymerase (Perkin-Elmer) and GeneAmp PCR system 9600 (Perkin-Elmer) were used. Primers IFAYGQT and DLAGSE were used to amplify squid optic lobe first-strand cDNA; the reaction program was as follows: 30 cycles at 94°C for 1 min, at 55°C for 1 min, and at 72°C for 1 min.
The reaction mixture contained 0.5 μl of cDNA solution (directly used from cDNA synthesis after heat inactivation), Sequence alignment and molecular evolutional analysis All KIFs, the amino acid sequences between IFAY and LAGSE motifs were subjected to phylogenic analysis. The motor domain of new cloned KIFs was aligned with CLUSTALW software by the neighbor-joining method. A phylogenetic tree of the motor domain sequences of the KIF was generated using the Maximum Parsimony (MP) method [2] , the Neighbor-Joining (NJ) method [11] , the Minimum Evolution (ME) method [10] , and the Maximum likelihood (ML) method [6] based on the JTT matrix-based model. The confidence limits on the tree were calculated by performing bootstrap sampling 1,000 times. The region between IFAYGQT and DLAGSE was used for the alignment. Mouse KIFs sequences were obtained from the NCBI database. . The evolutionary history was inferred by using the MJ method (a), the NP method (b), the ME method (c), and the ML method (d). The confidence limits on the tree were calculated by performing bootstrap sampling 1,000 times. The tree with the highest log likelihood (-4116.9175) is shown. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
Results and Discussion
To obtain sequences of squid KIFs, PCR was conducted by using squid optic lobe first-strand cDNAs and degenerate primers. Upstream primer sequences were derived from a putative ATP-binding motif and downstream primers from a conserved region 5' to the second microtubule binding site (Table 1 ). For most of the known mouse KIFs, the nucleotide sequences between IFAYGQT and DLAGSE correspond to ≈450 bp [1, 9] . The motor domain primers specific for mouse KIF5B allowed amplification of ≈450 bp length expected for that cDNA (Fig. 1A) . The single band around 450 bp was cut out and subcloned into cloning vector. From a total 341 PCR fragments that were cloned in the cloning vector, 75
clones were found to encode members of KIFs by sequence analysis ( Table 2 ). The remaining 266 clones were not related to KIF. The KIFs presented here were identified by the following criteria: conservation of upstream Walker A To classify the newly identified KIFs, molecular evolutionary analysis was performed. Phylogenetic trees were obtained by the MJ method (Fig. 1C, a) , the NP method (Fig.   1C, b) , the ME method (Fig. 1C, c) , and the ML method (Fig.   1C, d) . A phylogenetic tree of the amino acid sequences of squid KIFs versus mouse KIFs revealed the level of similarity of the sequences of these two organisms of KIFs (Fig.   1C ). These results allow the new information to assess whether a newly identified squid KIF is a homologue of previously identified motors in other organisms.
Until now, only two kinds of KIF, have been identified in the squid optic lobe. In this study, six new KIFs were identified. And they shared homologous domains which include a putative ATP-binding site and a microtubule-binding site of KHC [7, 14] . It was clearly demonstrated that the conserved motor domain of KHC was both necessary and sufficient to move along microtubules in the presence of ATP in vitro [12, 13] . Taking these data together, the squid axon contains at least eight KIFs. The squid KIFs have properties that make it an excellent candidate for modeling neuronal vesicle transport in axon. Future studies on biochemical characterization are necessary to answer the mechanism of axoplasmic KIFs.
